The seroconversion rate for Hepatitis C Virus (HCV) in a Japanese hospital, for example, was previously shown to be 3% 8) , while a study from Turkey 9) revealed that approximately 8% of nurses surveyed were already carrying this disease.
In recent years, psychosocial and organizational factors have been increasingly associated with NSI risk across a variety of studies. Factors can include high mental pressure, time pressure, feeling fatigued after work, inadequate staffing levels, and many others [10] [11] [12] . In Japan psychosocial risk factors have been associated with NSI among medical residents 13) and hospital nurses 10) . Organizational climate has important repercussions for nurses' occupational health outcomes 14) , with safety climate having been shown to affect nurses' compliance with universal precautions 15) . Although the dimensions of safety climate have been studied in Japanese HCW to some extent 16) , research has mostly focussed on patient safety 17) , rather than NSI.
Safety climate itself represents a complicated area to investigate in occupational health, however, as many different factors are known to influence it 18) . Common features of safety climate are known to exist 19) , and as a result, various safety climate scales have been developed and examined [20] [21] [22] . Safety climate research with respect to NSI was somewhat simplified in the year 2000, when Gershon and colleagues devised a brief 20-item Hospital Safety Climate Scale (HSCS) 23) , incorporating 6 dimensions of safety climate based on their previous research. The validity and reliability of the HSCS as an indicator of safety climate in health care settings has been recently demonstrated 24) . Given that Japanese HCW are known to suffer from NSI 25) and that they also incur some unique, culturally-specific NSI risks 26) , it was considered necessary to investigate interactions between hospital safety climate, psychosocial factors and NSI within a Japanese setting by using a modified and translated version of the HSCS.
Methods
This study involved an anonymous cross-sectional survey of all nurses from a large, university teaching hospital in central Japan. Ethical approval was obtained from a hospital ethics committee prior to the study being undertaken. Our survey instrument was based on Gershon and colleagues' aforementioned Hospital Safety Climate Scale 23) . All 20 questions from this scale were initially translated into Japanese by a bilingual medical professional. An expert panel of nursing and medical professionals then assessed the Japanese version for accuracy, clarity and readability. Minor changes were made where appropriate, after which time the questionnaire was backtranslated into English by a bilingual Japanese nurse and assessed against the original document. Similar to the original HSCS, our Japanese version used Likert-scale answers 27) , although the five categories of 'Strongly Disagree', 'Disagree', 'No Opinion', 'Agree' or 'Strongly Agree' were reduced to four by omitting the middle response. This step was deemed particularly necessary as cultural differences are known to affect responses to Likert Scale questions 28) , with Japanese and Chinese students being previously shown to cluster their answers around the midpoint 29) . Other sections of the HSCS were also amended for cultural reasons. Questions from the original HSCS which focused on HIV, for example, were changed to the more generic category of 'Blood-Borne Diseases', due to a proportionately lower prevalence of HIV in Japan.
Fifteen questions relating to psychosocial risk factors were also included in our survey tool, all of which were based on previous research in this field [30] [31] [32] . Questions focussed on work support, mental pressure, time pressure, work responsibility and many others. NSI questions were based on similar research previously conducted across a variety of countries [33] [34] [35] . Questions focussed on the type of device which caused the injury, the number of times nurses had received such an injury in the previous 12-month, whether the item had been used on a patient prior to injury and whether nurses had officially reported to management any NSI they sustained. Additional questions focussed on demographic and workplace items, such as age, gender, weekly working hours and length of employment as a nurse. As with the HSCS, all questions were translated and assessed by an expert panel of nursing and medical professionals, before being back-translated and assessed against the original document.
Questionnaires were distributed in late 2008 and collected within a 2-wk period. Informed consent was implied by the voluntary completion and return of questionnaires. All data was entered into a spreadsheet and analysed by statistical software (JMP, Version 8). Statistical analysis included prevalence rates for Likertscale responses to the HSCS, as well as NSI sustained, cause of injury and reporting behaviour following the incident. To facilitate statistical analysis, HSCS items were collapsed into dichotomous (agree/disagree) responses. Chi-squared analysis was then undertaken to examine potential relationships between the dimension of HSCS and NSI devices.
Results
A total of 1,027 questionnaires were distributed, although 31 nurses were on leave at the time of our study, leaving 996 for inclusion. Likert scale responses to individual safety climate questions are displayed in Fig. 1 . Most nurses (94%) strongly agreed that disposable gloves were readily available in their work area. Around three-quarters also strongly agreed that a copy of the hospital health and safety manual was available in their unit (77%) and that protection of workers from blood-borne diseases was a high priority with management (75%). Over half of all nurses (58%) agreed that there was minimal conflict in their department. Around 27% disagreed that they usually have so much work to do that they cannot follow Universal Precautions, while 8% strongly disagreed with the statement that staff had the opportunity to be trained to use Personal Protective Equipment (PPE) to protect themselves from blood-borne disease exposures. The Cronbach's alpha score for all safety climate questions was 0.906, indicating a high internal consistency. Likert scale responses to the psychosocial risk factors questions are displayed in Fig. 2 . Over half the nurses (56%) strongly agreed with the statement that there was too much responsibility in their job. Slightly less (41%) reported that they experienced too much mental pressure at their workplace. Over half (62%) disagreed with the statement that there was not enough teamwork in their department while 39% strongly disagreed that their daily work was too boring or tedious. The Cronbach's alpha score for all psychosocial factor questions was 0.887, indicating a high internal consistency.
The most common types of NSI sustained in the previous 12-month period were due to ampoules or vials (being responsible for 29% of the total), followed by hollow bore needles (15%) and insulin syringes (9%). Ampoules or vials were the most likely to have been unused prior to injury (87%), followed by hollow bore needles and insulin syringes. Most of the NSI sustained from IV kits (93%) involved unused items. The prior usage status of butterfly needles was unknown in the majority of cases. The most common cause of single injury in the current study (90%) was due to IV kits, followed by glass items (75%) or insulin syringes (71%).
Around half (48%) of all ampoule or vial NSI involved 2 to 3 injuries. Only 10% of all NSI due to IV kits involved 2 to 3 injuries. The most common cause of multiple NSI among nurses, that is sustaining 4 or more injuries over the past 12-month, was related to the use of surgical tools (14%) and ampoules or vials (13%). Refer to Table 1 . Regarding the action which caused the nurse's NSI, over half (59%) involved opening an ampoule or vial, 9% were sustained when uncapping a needle, 7% due to recapping, 7% due to other reasons and 6% were caused by handling a broken ampoule or vial. Only 25.5% of nurses had always reported to management any NSI they sustained, with 64.1% never reporting it and 10.4% reporting it sometimes. The most common reason was that the item was unused (57%). Thirteen percent did not know they had to report it, 5% were too busy to report it and 4% were too embarrassed at their mistake. Interestingly, 2% felt they were 'not unlucky enough to get a disease'.
Chi-squared analysis revealed various statistically-significant relationships between the HSCS and the type of NSI device which caused injury. Relationships with all devices were analysed, except for lumbar punch kits and razors, due to low response rates for these particular items. NSI due to butterfly needles was related to staff supporting one another at work (p=0.014). NSI due to blood collection tubes was correlated with three HSCS questions, namely the protection of staff against blood-borne disease exposures being a high management priority (p=0.008), managers doing their part to protect staff from bloodborne disease exposures (p=0.024) and unsafe work practices being corrected by supervisors (p=0.043). NSI from surgical tools was correlated with having a clean work area (p=0.030). NSI from suture needles was statistically correlated with managers doing their part to protect staff from blood-borne disease exposures (p=0.002), having the opportunity to be trained to use safety equipment to protect against blood-borne disease exposures (p=0.026), having a clean work area (p<0.001), having an uncluttered work area (p<0.001) and having minimal conflict within their department (p=0.007). The category 'Other Items' was related to having an uncluttered work area (p=0.007). Refer to Table 2 .
Discussion
The nurses in our current study exhibited many demographic attributes similar to those in some recent national investigations 36, 37) . Results from our current study offer an interesting insight into the safety climate of Japanese hospitals. Most nurses strongly agreed that disposable gloves were readily available in their work area, approximately three-quarters strongly agreed that a copy SAFETY CLIMATE AND PSYCHOSOCIAL RISK FACTORS IN JAPAN of the health and safety manual was available in their unit and that protection of workers from blood-borne diseases was a high priority with management. These findings are similar to the original HSCS study conducted by Gershon and colleagues in 2000 23) , where 94% reported that disposable gloves were readily available, 95% agreed that a health and safety manual was available and 85% agreed that protection from HIV was a high priority with management. The internal consistency of our Japanese HSCS and psychosocial factor questions was demonstrated with high Cronbach's alpha scores; scores that were even higher than some previous research using different safety cli- mate scales in health care 38) . Cronbach's alpha scores for the original English-language version of the HSCS by Gershon and colleagues were between 0.71 and 0.84 23) . Given that our questionnaire was originally adapted from another language, it is important to keep cross-cultural differences in mind when comparing the results of different studies. Although international research conducted across a variety of countries has suggested that workplace stressors, ways of coping and levels of physical and mental health may be similar 39) , the accurate translation and interpretation of results is always essential, as Japanese are known to respond differently to questionnaires translated from English 40) .
When considering responses to the psychosocial factors questions, over half the nurses strongly agreed with the statement that there was too much responsibility in their job, while slightly fewer reported that they experienced too much mental pressure at work. Mental stress is an important issue in contemporary occupational health and one that has been receiving increasing attention in Japan during recent years. Potentially high rates of psychosocial stresses suggested in the current study are supported by previous research which found that depressive symptoms affected around 28% of Japanese medical resi- dents 41) . Another study of medical residents also found that depressive symptoms were associated with NSI events 13) , while a Korean investigation revealed that HCW who had sustained an NSI experienced higher scores of depression and anxiety 42) . In the US, 15% of non hospital-based nurses reported being very adversely affected by environmental conditions at their workplace, with understaffing and feeling unappreciated being the most troubling 6) . Such findings help shed light on psychosocial risk factors as an increasing challenge for HCW in the new millennium 43) , and for these reasons, it is becoming increasingly clear that more attention needs to be directed towards holistic stress reduction techniques in the workplace. Regarding NSI themselves, the most common causative devices revealed in the current study were ampoules or vials, followed by hollow bore needles and insulin syringes. These findings are somewhat consistent with other NSI research conducted in Japan. An analysis of Exposure Prevention Information Network (EPINet) data between 1996 and 1998 for example 44) , found that syringes and butterfly needles were the most common causative device, similar to a later study of EPINet data between 1997 and 2004 25) . Another Japanese study conducted in 2004 also found that ampoules or vials, hollow bore needles and insulin needles were common causes of NSI 10) .
Similar to Japan, research from Turkey 9) , Australia 35) , Singapore 45) , Taiwan 33) , Saudi Arabia 46) and Korea 12) has indicated that disposable syringes and medication ampoules continue to present NSI risks for HCW. Butterfly needles were also a reasonably common cause of NSI in the current study, although this is not surprising, because butterfly needles are used much more frequently for blood drawing and IV infusion in Japan, than in other countries such as the US 44) . Although it has been previously reported that the injury rate for injection pens is considerably higher than for disposable syringes 47) , we did not investigate this particular item in our current study.
Regarding prior usage status, ampoules or vials were the most likely to have been unused prior to injury. This finding is similar to previous research conducted among Taiwanese HCW 33) . Most of the NSI sustained from IV kits involved unused items, which is contrary to some earlier Japanese EPINet information 44) . The prior usage status of butterfly needles was unknown in the majority of cases during the current study. The most common cause of single injuries among our Japanese nurses were NSI due to IV kits, followed by other items, glass items or insulin syringes. Around half of all ampoule or vial NSI involved two to three injuries. The most common cause of multiple NSI among nurses, was related to the use of surgical tools. The finding that surgery was a common cause of repeated NSI is consistent with previous reports 48) , with an Iranian study further demonstrating that suturing was one of the most common causes of exposures 49) . Opening an ampoule or vial was a common cause of NSI in the current study, although uncapping and recapping needles also contributed. The recapping of used needles remains a contentious issue in health care, and although it is becoming rarer in most countries, the practice has not altogether disappeared. In Egypt, for example, Talaat et al. 50) reported that two-handed recapping was the most common behaviour associated with NSI, similar to a Taiwanese investigation 33) ; while in Turkey 51) and China 52) it was the second most common cause. In a study from sub-Saharan Africa, HCW who recapped needles 'most of the time' incurred an almost two-fold higher NSI risk 53) .
Only one-quarter of nurses in the current study had always reported to management any NSI they sustained. The main reasons for not reporting their NSI was that the item was unused. This result is similar to some previous research conducted in Taiwan 34) , where around one-third of injured HCW did not report their NSI as the item was unused. Interestingly, a small proportion of nurses who sustained an NSI did not report their injury because they felt they were 'not unlucky enough to get a disease'. This finding is similar to some previous research conducted in Taiwan 34) , where 5% of injured HCW felt that they were not so unfortunate as to contract a disease. Whatever their rationale may be, the underreporting of NSI remains a serious issue for infection control managers and NSI researchers, given that underreporting rates have been previously documented at 85% in Taiwan 34) and 49% in the United Kingdom (UK) 54) . A literature review of online databases in the UK also found that the NSI underreporting rate may be as high as ten-fold 55) .
An examination of HSCS responses by NSI device revealed some interesting correlations. These issues raise a broader question regarding the value of a positive work environment for staff in Japan, as elsewhere. Although the rationale and general principles for improving a worker's emotional climate were recognised early on in occupational health 56) , further work still needs to be undertaken with a more specific focus on NSI. In this regard it has already been suggested that further research should now be considered with regard to the specific psychological consequences of NSI in HCW 42) . Although the complicity of psychosocial risk factors is now well-known in occupational health, it appears that this issue had been studied among Asian nurses until 2004 57) . Given that the vast majority of nurses in the current study were female, it is also important to recognise the unique issues faced by women workers 58) . The Japanese nursing workforce remains predominately female, and the unique health 23) needs of this demographic should be considered. The smaller size of women when compared to men, for example, needs to be carefully considered when working positions and movements are planned 59) . The complicity of female reproductive health complaints represents another issue in the potential management of psychosocial risk factors 60) . There are also country-specific NSI issues that should be considered when planning preventive strategies. Japanese employees are known to work long hours 61) , for example, and long working hours have been shown to be a risk factor for NSI in some studies 62) . At least part of any potential NSI management strategy will need to consider these issues.
As we pass through our first decade of the 21th century, and despite considerable attention and resources being dedicated to its prevention, NSI and other percutaneous injuries remain common in health care 51) . While the use of safer devices is no doubt important, many other factors also affect NSI rates. Workplace issues may contribute to risk, with hospital profitability for example being inversely related to blood and body fluid exposure in some studies 63) , as too, duration into shift 64) and month of the year 65) . Understaffing may be a risk factor for occupationally-related HCV 66) . Undesirable organizational factors, broadly, are often correlated with increased injury risk in health care 67) , and for NSI specifically, staffing levels and organizational climate are known to be important. At its broadest level, mental health status is known to be an important predictor of occupational accidents in Japanese hospitals 68) , while personality and behaviour has also been shown to have a relationship with occupational blood exposure in France 69) . Prevention of NSI by the use of safer devices therefore, remains very important and must always be considered in primary management strategies.
When considering the reduction and prevention of NSI within hospital environments, the most direct way to reduce injuries is to make devices safer 70) . Various investigations have already shown that using safer devices can help reduce injuries in this manner. A previous study in Scotland for example 71) , reported that over half of all injuries might have been prevented via the use of safety devices. In a US hospital, the introduction in safety-engineered devices was also correlated with an overall decrease in percutaneous injuries 72) . Furthermore, in a recent Taiwanese study, educational intervention was shown to reduce the incidence of NSI and increase the reporting rate among student nurses 73) . Checklists to aid in the prevention of NSI are important and have already been trialled in Japan. In 2006 for example, Yoshikawa et al. 74) designed an ergonomic checklist for training in the prevention of NSI. Aside from safer systems and devices, the collection of accurate data is known to represent another essential component for reducing NSI 75) , and for these reasons, the regular epidemiological investigation of these issues must continue within health care facilities. Continued epidemiological surveillance is also very important for understanding where, when and how NSI are occurring. EPINet for example, was introduced to Japan during the 1990s 76) , and has since been providing a wealth of data on NSI within Japanese hospitals.
The design and use of culturally-appropriate survey tools to investigate NSI and safety climate remains a contentious issue when conducting cross-cultural research. The safety climate phase of our current study used a Japanese translated version of Gershon and colleagues' HSCS 23) , for a variety of reasons. Firstly, the basic instrument in English has already been shown to have sufficient reliability and validity as an indicator of employee perceptions of safety within their institution 24) . Secondly, the HSCS tool itself is simple and convenient to administer, containing only 20 questions in a simple Likert scale format. This makes it more straightforward to understand and complete. Our Japanese-language version was specifically designed and tested during the pilot phase for ease of understanding and ease of completion. The high proportion of staff who 'strongly agreed' that disposable gloves were readily available (a known fact), suggests that our HSCS questionnaire was logical, well-understood and truthfully answered. Questions relating to psychosocial factors were adapted from common elements revealed in a variety of international studies [30] [31] [32] , research which suggests that there is probably a core group of psychosocial risk factors common around the world. Some previous Japanese studies have also investigated these issues 77, 78) , leading us to adopt a core group of 15 questions which were translated and subsequently used. No method will ever be perfect for all cultures and languages, however, and it is important to recognise the limitations of using translated instruments.
Conclusions
Overall, this study suggests that hospital safety climate represents an important influence in Japanese health care practice. Not all safety climate factors were related to NSI however, and similarly, not all NSI devices were associated with all aspects of safety climate. These findings indicate, therefore, that NSI and safety climate interactions are both complicated and multifaceted in Japanese health care environments. Various limitations of the current study include generalizability due to the inclusion of only one hospital, the cross-sectional nature of data collection which made it difficult to establish causal links, the difficulty in conducting more advanced data analysis, and fact that many different types of safety climate ques-tionnaire exist. On the other hand our investigation benefited from many strengths, including a large sample size, high response rate, high internal validity, as well as the practicality of employing a questionnaire known to be useful in the health care field. Although the provision of safer devices remains critical in preventing injuries, ensuring a positive safety climate will also be essential in meeting these important challenges for nurses' occupational health in Japan, as elsewhere.
